Common carp (Cyprinus carpio) is one of the most cultured fish species over the world with 21 many different breeds and plenty of published protocols for sperm cryopreservation, however, 22 data regarding preservation of gonadal tissue and surrogate production is still missing. 23 A protocol for freezing common carp spermatogonia was developed through varying different 24 factors along a set of serial subsequent experiments. Among the six cryoprotectants tested, the 25 best survival was achieved with dimethyl sulfoxide (Me 2 SO). In the next experiment, a wide 26 range of cooling rates (0.5 -10 ˚C/min) and different concentrations of Me 2 SO were tested 27 resulting in the highest survival using 2 M Me 2 SO and cooling rate of -1 ˚C/min. When testing 28 different tissue sizes and incubation times in the cryomedium, the highest viability was 29 observed when incubating 100 mg tissue fragments for 30 min. Finally, sugar supplementation 30 did not yield significant differences. When testing different equilibration (ES) and vitrification 31 solutions (VS) used for needle-immersed vitrification, no significant differences were observed 32 between the tested groups. Additionally, varied exposure time to VS did not improve the 33 vitrification outcome where the viability was 4-fold lower than that of freezing. The 34 functionality of cryopreserved cells was tested by interspecific transplantation into sterilized 35 goldfish recipients. The exogenous origin of the gonads in goldfish recipients was confirmed 36 by molecular markers and incorporation rate was over 40% in both groups at 3 months post 37 transplantation. Results of this study can serve as an alternative way for long-term preservation 38 of germplasm in carp which can be recovered in a surrogate recipient.
6 119 μg/ml of DNase I), minced into small pieces and incubated for 1.5 h at room temperature (RT; 120 22 °C) on a shaking plate. Digestion was terminated by addition of 10% Fetal bovine serum 121 (FBS) (v/v). In order to obtain a single cell suspension, samples were filtered through 30 µm 122 filters (Sysmex, Germany) and centrifuged for 10 min at 200 ×g. The supernatant was removed 123 and the pellet was resuspended by a gentle pipetting with addition of appropriate volume of L-124 15 medium.
125
Viability assessment 126 Cell viability was determined by trypan blue differential staining where the dead cells were and tissue fragments were washed three times in L-15 where they remained until further work 146 (not longer than 15 min). Digestion and counting procedures were conducted as mentioned 147 above. 148 Optimization of the freezing protocol was conducted in four sequential experiments where in 149 each experiment one cryopreservation parameter was changed, and the best outcome was used 150 in the subsequent experiment. Initially, 0. indicating that optimal conditions for spermatozoa and spermatogonia are different. goldfish vasa (data not shown) ( Table 2) . 
319
Approximately 40% of the recipients injected with frozen/thawed carp spermatogonia 320 displayed developing gonads (Table 2) In the present study, we have developed for the first time a cryopreservation methodology for 333 common carp spermatogonia through freezing and vitrification of testicular tissue. The 334 recovered germ cells were physiologically active since they were able to colonize and On the other hand, ethylene glycol which was optimal for freezing Siberian sturgeon (Acipenser [25] where increased concentrations of cryoprotectants yielded higher spermatogonia viability.
352
As for the cooling rates, lower cooling rates of -0.5 and -1 °C/min were more appropriate than In the present study, both testes and ovaries were observed in the germline chimeras after from extraordinary specimens are preserved. However, in goldfish, temperature can 444 significantly affect sex differentiation and the final sex ratio. Thus, goldfish were constantly 445 held at 23 ± 1 °C during the first month because temperature above 25 °C is known to trigger 446 masculinization [33] . Observed sex ratio in goldfish chimeras was slightly biased in favour of 447 testicular development. This can be attributed to the fact that transplanted germ cells will rather 448 tend to respect their original sex. Anyway, temperature sensitivity gives a possible advantage 449 to goldfish as a recipient, because sex can be modified very easily without hormonal treatment.
450
However, further studies are necessary to elucidate biological pathways causing the switch from 451 spermatogonia to oogonia and vice versa as well as the effects of the surrounding environment 452 on exogenous cells. Future studies will focus on optimization of surrogate reproduction, 453 reproductive characteristics of goldfish recipients as well cryopreservation of female germ cells 454 which is crucial because it is currently the optimal way of preserving maternal genome. hosts. The results of the present study can be used in combination with the hypothermic storage 471 described by Lujić et al. (2018) where hypothermic storage is optimal for short-term storage of 472 up to two weeks, while the freezing methodology developed in this study is optimal for long-473 term storage [58] . Further steps will be taken to develop a protocol for female germ cell 474 cryopreservation as well to improve transplantation success using younger recipients or 475 developing germ-less carp hosts for allogenic germ cell transplantation. 
